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INTRODUCTION
Pollen is a fine, powder-like material produced by flowering plants and gathered by bees. Pollens are the male reproductive cells of flowers. Flower pollens, ''bees primary food'' source, contain concentrations of phytochemicals, and nutrients and are rich in carotenoids, flavonoids and phytosterols (Balch and Balch, 1990; Broadhurts, 1999; Haas, 1992) . The chemical composition of pollen has gained worldwide research interest covering broad areas, ranging from plant physiology to biochemistry, nutrition and even material science (Schulte et al., 2008) . Pollen has been used as a "perfect health food" for many centuries due to its abundance of nutrimental constituents and bioactive compounds. Modern research has also shown that pollen mainly possesses the therapeutic effects (Li et al., 2005; . The Pharmacopeia Committee of the People's Republic of China and the German Federal Board of Health (Linskens and Jorde, 1997) has officially recognized pollen as a medicine. Results of Habib et al., 1990 study demonstrated that a growth of cells derived from the human prostate carcinoma was inhibited by the pollen extract Pollen and pollen products have been successfully used for the treatment of some cases of benign prostatitis and for oral desensitization of children who have an allergy (Campos et al., 1997; Mizrahi and Lensky, 1997). Bee pollen is considered a health food with a wide range of therapeutic properties, among which are antimicrobial, antifungal, antioxidant, anti-radiation, hepatoprotective, chemoprotective and/or chemopreventive and anti-inflammatory activities/ applications? (Abdella et In addition, it has been reported to trigger beneficial effects in the prevention of prostate problems, arteriosclerosis, gastroenteritis, respiratory diseases, allergy desensitization, improving the cardiovascular and digestive systems, body immunity and delaying aging . The promotion of tissues' repair, which results from the acceleration on the mitotic rate, has also been lauded (Morais et al., 2011) . These therapeutic and protective effects have been related to the content of polyphenols (Almeida-Muradian et al., 2005). Pollen in modern medicine used mostly as the pollen preparations of flower pollen, because it is expected that only floral pollen can guarantee a relatively constant concentration of active ingredients. However, no report and study on of nontraditional plant pollen extract against pathogenic bacteria are available. Therefore the aim of the present study was to investigate the antimicrobial in vitro action of a nontraditional plant pollen extract against pathogenic bacteria... This is first study, which demonstrated the action of nontraditional plant pollen extracts against common pathogenic bacteria.
MATERIAL AND METHODS

Pollen samples
In our study plant pollen of dogwood common (Cornus mas), ray mountain (Secale strictum spp. strictum), pumpkin rape (Cucurbita pepo var. styriaca) and grape vine (Vitis vinifera) was tested. Four samples of plant pollen were gathered from trees. Four nontraditional plant pollens of different floral sources and geographical location of Slovakia were left in the dark at room temperature until further analysis. The pollen grains of plants were determined through the identification of a large number of valid elements, and diligent study of various palynomorphological indicators. The preparation of the extracts was performed by mixing the plant pollen with ethanol (1:10) (w/v). After maceration, the extract was evaporated in a vacuum evaporator. The dried plant pollen extract was kept in the dark at room temperature until further analysis.
Antimicrobial activity
The bacterial strains were purchased from the Czech Collection of Microorganisms (CCM). All isolates of microscopic fungi and yeasts were provided by the Slovak University of Agriculture in Nitra, Faculty of The aim of this study was to detect the antimicrobial activity of four plant pollen samples to pathogenic bacteria, microscopic fungi and yeasts. Pollens of dogwood common (Cornus mas), ray mountain (Secale strictum spp. strictum), pumpkin rape (Cucurbita pepo var. styriaca) and grape vine (Vitis vinifera) were collected in 2010 in Slovakia. The antimicrobial effects of the four nontraditional plant pollens were tested using the agar well diffusion method. For extraction, 70% ethanol (aqueous, v/v) was applied. Antimicrobial susceptibility of five different strains of bacteria -three gram positive (Listeria monocytogenes CCM 4699, Pseudomonas aeruginosa CCM 1960, Staphylococcus aureus CCM 3953) and gram negative (Salmonella enterica CCM 4420, Escherichia coli CCM 3988), as well as three different strains of microscopic fungi, Aspergillus fumigatus, Aspergillus flavus, Aspergillus niger, and three different strains of yeasts Candida albicans, Geotrichum candidum and Rhodotorula mucilaginosa, were examinated. L. monocytogenes was the most sensitive among bacteria to the three ethanol extracts of plant pollen after 24 hours of inoculation, A. flavus and C. albicans were the most sensitive microscopic fungi and yeast species, respectively. biotechnology and food sciences, Department of microbiology. The antimicrobial effects of the extracts were tested using the agar well diffusion method in Mueller-Hinton agar (MHA, Biolife, Italy) for bacteria and Sabouraud agar (SA) for microscopic fungi and yeasts. After 30 min of initial drying, agar plates were inoculated with 200 μL of microorganism suspension at a density of 10 7 CFU mL -1 in saline solution and spread on the surface. Subsequently, four equidistant wells, 9 mm in diameter each, were punched into the inoculated medium with sterile glass. Bacteria were incubated at 37°C and fungi at 25°C. Inhibition zones in mm around the disks were measured after 24 h of cultivation. As positive controls, chloramphenicol and 99.9% methanol were used for bacteria and.fungi. Five different strains of bacteria; two Grampositive strains: Listeria monocytogenes CCM 4699 (LM); Staphylococcus aureus CCM 3953(SA) and three Gramnegative strains: (Pseudomonas aeruginosa CCM 1960 (PA); Salmonella enterica CCM 4420 (SE); Escherichia coli CCM 3988 (EC), three different strains of microscopic fungi: Aspergillus fumigates (AF); Aspergillus flavus; Aspergillus niger), and three different strains of yeasts (Candida albicans; Geotrichum candidum; Rhodotorula mucilaginosa) were tested in sets of plates, which were simultaneously processed for each strain. All the experiments were repeated twice, including a control. After incubation, the zones of growth inhibition of the bacteria, microscopic fungi and yeasts around the disks were measured.
RESULTS AND DISCUSSION
The antibacterial activities of the Cornus mas plant pollen extract in vitro test against different Gram-positive and negative pathogenic bacteria, microscopic fungi and yeasts are shown in Figure 1 . According to analysis among the tested bacteria, Escherichia coli CCM 3988 was the most sensitive during 24 h incubation to dogwood common pollen, and the sensitivity of the bacteria decreased as follows: Listeria monocytogenes CCM 4699 > Salmonella enterica CCM 4420 > Staphylococcus aureus CCM 3953 > Pseudomonas aeruginosa CCM 1960. Aspergillus flavus was the most sensitive during 24 h incubation to dogwood common pollen and the sensitivity of the microscopic fungi decreased as follows: Aspergillus fumigatus > Aspergillus niger. Among the tested yeasts, Rhodotorula mucilaginosa was the most sensitive to dogwood common pollen. The antibacterial activities of the Secale strictum spp. strictum plant pollen extract in vitro test against different Gram-positive and negative pathogenic bacteria, microscopic fungi and yeasts are shown in Figure 2 . According to analysis among the tested bacteria, Listeria monocytogenes CCM 4699 was the most sensitive during 24 h of incubation to ray mountain pollen, and the sensitivity of the bacteria decreased as follows: Escherichia coli CCM 3988 > Staphylococcus aureus CCM 3953 > Pseudomonas aeruginosa CCM 1960 > Salmonella enterica CCM 4420. Aspergillus flavus was the most sensitive during 24 h of incubation in ray mountain pollen and the sensitivity of the microscopic fungi decreased as follows: Aspergillus fumigatus > Aspergillus niger. According to analysis among the tested yeasts, Candida albicans was the most sensitive to ray mountain pollen. Different patterns of sensitivity in pollen loads are due to different phenolic compounds in pollen, as shown in the studies of Almeida-Muradian et al.
(2005) and Carpes et al. (2007).
In these studies, the antioxidant activity, phenolic content and antibacterial activity of pollen extracts obtained with different concentrations of ethanol were compared among pollen samples. In the another study the antibacterial activities of Turkish pollen extracts were investigated against 13 different species of agricultural bacterial pathogens including Agrobacterium tumefaciens, A. vitis, Clavibacter michiganensis subsp. michiganensis, Erwinia amylovora, E. carotovora pv. carotovora, Pseudomonas corrugata, P. savastanoi pv. savastanoi, P. syringae pv. phaseolicola, P. syringae pv. syringae, P. syringae pv. tomato, Ralstonia solanacearum, Xanthomonas campestris pv. campestris and X. axonopodis pv. vesicatoria, and the inhibition zones were varied related to different concentrations of pollen extracts (Basim et al., 2006) . (Basuny et al., 2013) . Despite of it Bacillus cereus were inhibited by the pollen of olive in pollen ethanol extract at 50 and 60% of ethanol. Additionaly, the pollen ethanol extract of palm pollen at 90% showed the biggest clear zones around each disk (7.0 mm) against Klebsiella pneumoniae. Nevertheless, Klebsiella pneumoniae was also inhibited by the pollen from olive at 60 and 70 %. The olive pollen extract contained highest concentrations of phenolic content with antioxidant and antimicrobial activity. Pseudomonas aeruginosa bacteria were inhibited by 80% and 90% and Staphylococcus aureus bacteria were inhibited by extracts of pollen at 50%, 60%, 70% and 80% of ethanol solution (Basuny et al., 2013) . In general, in the present study the concentration of 70% was adequate to inhibit the common Gram-negative and Gram-positive bacteria, microscopic fungi and yeasts.
CONCLUSION
The present research has shown that an ethanolic extracts of nontraditional plant pollen studied here possess antibacterial and antifungal effect on bacteria, fungi and yeasts. The inhibition effect of four plant pollen extracts were found in all tested pollen. The most sensitive was Gram positive bacteria Listeria monocytogenes in ray mountain (Secale strictum spp. strictum), pumpkin rape (Cucurbita pepo var. styriaca) and grape vine (Vitis vinifera) tested pollens. Among microscopic fungi Aspergillus flavus was the most sensitive to dogwood common (Cornus mas), ray mountain (Secale strictum spp. strictum), pumpkin rape (Cucurbita pepo var. styriaca) pollens and among yeasts Candida albicans, which was sensitive to ray mountain (Secale strictum spp. strictum), pumpkin rape (Cucurbita pepo var. styriaca) and grape vine (Vitis vinifera) pollen. This suggests that bee pollen could be used combined with antibiotics, since, as far as we know; there are not microorganisms capable of acquiring resistance to bee pollen.
